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1. Introduction 
There is an accumulating body of work suggesting 
that a large proportion of many people’s daily 
exposure to ultrafine (< 100 nm) particles (UFPs) is 
incurred during the relatively short period of time 
spent travelling in an automobile (vehicle). Based 
on toxicological and epidemiological studies, UFPs 
are increasingly viewed as a significant risk to 
public health. However, despite the substantial 
contribution to total exposure that vehicle travel 
may constitute, the factors controlling the 
magnitude of in-vehicle UFP exposure 
concentrations have not been well-documented to-
date. 
2. Methods 
We alternately measured on-road and in-vehicle 
UFP concentration for 5 passenger vehicles that 
comprised an age range of 18 years. A range of 
cabin ventilation settings were assessed during 301 
trips through a 4 km road tunnel in Sydney, 
Australia. Outdoor airflow (ventilation) rates under 
these settings were quantified on open roads using 
sulphur hexafluoride (SF6) tracer gas techniques 
(Knibbs et al., 2009).  We also employed a simple 
mathematical model to assess its utility to predict 
tunnel trip average UFP concentrations. 
 
3.  Results and Discussion 
The minimum average UFP concentration 
measured during tunnel travel (3.4 × 104 particles 
cm-3) was recorded under a recirculation setting in 
a new vehicle, whilst the maximum average 
recorded (7.9 × 105 particles cm-3) was recorded 
under an outdoor air take setting in an older 
vehicle. 
Based on data spanning all test automobiles and 
ventilation settings, a positive linear relationship 
was found between outdoor air flow rate and 
inside/outside (I/O) ratio, with the former accounting 
for a substantial proportion of variation in the latter 
(R2 = 0.81, see Fig. 1). A simple mathematical 
model afforded the ability to predict tunnel trip 
average in-cabin UFP concentrations with a good 
level of accuracy. UFP concentrations recorded in-
cabin during tunnel travel were significantly higher 
than those reported by comparable studies 
performed on open roadways (Knibbs et al., 2010).   
 
Figure 1. Relationship between cabin ventilation 
rate and UFP I/O ratio (Knibbs et al., 2010). 
UFP exposure concentrations reported for transit 
activities were collated from the literature (47 
studies) and grouped by mode.  Average exposure 
concentrations reported for automobile travel 
through tunnels (3.0× 105 particles cm-3)  were 
elevated compared to those reported for 
automobiles in non-tunnel environments, buses, 
trains/subways, walking, cycling and ferries by 
factors of 6.6, 7.1, 6.4, 6.1, 8.8 and 5.3, 
respectively (Knibbs et al., in press).  
These findings suggest that under certain 
conditions, in-cabin UFP exposures incurred during 
tunnel travel may contribute significantly to daily 
exposure.  The UFP exposure of automobile 
occupants appears strongly related to their choice 
of ventilation setting and vehicle. 
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